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Declines in cardiovascular function with aging: Does this 
need to be the case?



Before we start…

This presentation:

• Focusses on some specific CV adjustments/adaptations to 
acute and chronic exercise interventions.

• Discusses data on “healthy aging”.

• Discusses training adaptations for people exercising ~3 x week.



Why aging and exercise?



More seniors than kids for the first time ever



Seniors by age sub-groups as a % of total 
population in Canada



Is being older a problem?

NO

…but there are some functional 
limitations associated with aging



Why cardiovascular function and aging?

• CV disease is a leading cause of mortality and morbidity in the developed 
countries

• CV disease is more prevalent in the elderly
• Limitations in CV function  decline in function and loss of independence

• Life expectancy exceeding ability to maintain function
(e.g. VO2max < 20-25 mL∙kg-1∙min-1)

• Sustainability of health care? 
- Older adult health care 4 X cost per capita



Life expectancy and healthy life years at age 65

Source: Eurostat Database



Public Health Care Spending per Person per Age Group



Can we improve Cardiovascular Fitness and 
Function in the Elderly with Exercise Training?

Some past studies



Exercise might kill you!!!

• Bassey et al., J. Gerontology (1978): “Vague fears that too much 
exercise will precipitate injury, catastrophic exhaustion, or overt illness 
bedevil the situation and have fostered disapproval of all but the 
mildest exertion.”



Endurance training in older populations

Seals et al., J Appl Physiol 1984

*

*†10% ↑

20% ↑

Low Intensity: 6 months at 55% HRR

High Intensity: 6 months at 75% HRR

n= 11 (7 men – 4 women)



Spina et al., J Appl Physiol 1993

9-12 months / 5x week / 70-80% HRmax

22% ↑

19% ↑

*

*



Study design
14 older adults 6 females (69 yr)

8 males (68 yr)
16 young adults 8 females (25 yr)

8 males (23 yr)

Week
- 1 0 3 96 1312

Pre Training Testing
Muscle biopsy
Incremental cycling test
Mods

Post Training Testing
Muscle biopsy
Incremental cycling test
Mods

Training

Muscle biopsy
Incremental cycling test
Mods

Incremental cycling test
Mods

Incremental cycling test
Mods

Continuous Training

3 x wk, 45 min @ 70% VO2max

Training intensity adjusted every 3 wk



Results: Cardiovascular Fitness

Males Females

A 4+ mL·kg-1·min-1 increase in VO2max represents > than 50% reduction in the odd ratio of 
becoming dependent

Murias et al., J Appl Physiol 2010 Murias et al., Med Sci Sports Exerc 2010

* * * *†‡§
*†‡*†‡*†*a

+18%

+31%

+22%

+17%

Older Young



Capillarization and CS activity

Older Young Murias et al., J Geront 2011
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VO2 kinetics: What is it?

63% of VO2
amplitude

τVO2



Changes in τVO2p in response to endurance training

*
* * * *

* * *

Changes occurred within the first 3 weeks of training regardless of sex and age

Males Females
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OlderYoungMurias et al., J Appl Physiol 2010 Murias et al., Eur J Appl Physiol 2011


Chart1
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		W6		W6

		W9		W9

		Post		Post



Young

Old

τVO2p (s)

33.835425

42.584295

22.35062625

34.695095

19.41806

33.654585

19.79731375

33.02610875

19.4766825

31.5574725



Young

						VO2peak (L/min)												CO mod (L/min)												VO2 bsln (L/min)												VO2 amp (L/min)												PO Mods (W)				VO2 ss (L/min)												Tau VO2 (s)												HR amp (bpm)												Tau HR (s)												HHb amp												Tau HHb (s)												Calculated TD HHb (s)												MRT HHb (s)												HHb amp / VO2 amp

						Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post								Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post

		Devin Hanes				3.68		3.75		4.17		4.31		4.45				15.3		15.6		15.2		14.5		14.9				1.08		0.93		0.95		0.94		0.97				0.99		1.08		1.06		1.03		1.07				109				2.08		2.00		2.01		1.98		2.04				36.2		12.9		15.7		14.6		15.0				36		27		27		29		29				63.6		21.7		24.6		28.9		20.9				5.7		9.0		9.0		8.4		8.0				7.0		8.3		8.3		13.6		9.8				4.3		5.8		5.8		6.8		7.0				11.3		14.1		14.1		20.3		16.8				5.8		8.4		8.5		8.2		7.5

		Cole Higgs				4.22		4.66		4.59		4.80		4.80				16.7		17.1		18.9		18.0		18.5				0.99		1.11		1.11		1.04		1.13				1.40		1.48		1.39		1.43		1.47				156				2.40		2.58		2.50		2.47		2.59				26.7		14.9		11.7		12.9		14.2				41		36		36		39		38				46.8		29.5		26.9		29.9		26.5				7.0		9.0		7.4		9.5		5.6				9.4		13.0		10.0		9.5		10.0				6.5		7.0		7.3		5.5		7.8				15.9		20.0		17.2		15.0		17.7				5.0		6.1		5.3		6.7		3.8

		Adnaan Bhyat				3.61		3.99		3.86		3.75		4.13				16.5		16.4		15.1		15.5		15.1				1.02		1.00		0.91		0.99		0.88				1.30		1.23		1.17		1.22		1.26				130				2.32		2.23		2.08		2.21		2.14				41.0		30.5		30.3		26.0		24.0				30		28		25		32		27				44.2		39.3		35.6		39.4		32.4				14.2		24.2		17.0		21.1		14.6				13.7		13.7		13.6		13.4		12.0				6.5		6.8		4.8		5.5		7.0				20.2		20.4		18.3		18.9		19.0				10.9		19.8		14.5		17.2		11.6

		Divid Hawil				2.82		3.41		3.47		3.46		3.93				15.5		14.7		14.4		15.4		14.7				0.97		1.14		1.06		1.06		0.95				0.87		0.90		0.83		0.92		1.04				90				1.83		2.04		1.89		1.99		1.98				43.4		34.6		25.4		32.3		20.5				45		33		35		35		38				68.0		46.1		37.0		51.5		34.0				6.9		6.3		6.0		10.6		10.0				7.2		12.1		7.7		9.9		9.0				5.3		6.0		5.3		4.5		6.0				12.5		18.1		13.0		14.4		15.0				8.0		7.1		7.2		11.5		9.7

		Alejandro Zuluaga				3.79		4.26		4.15		4.34		4.41				14.3		16.1		13.5		14.2		13.7				0.95		1.03		0.84		0.91		0.86				1.05		0.99		1.06		1.01		0.98				108				2.01		2.02		1.90		1.92		1.84				18.9		16.8		18.3		14.8		14.2				27		23		29		27		30				30.5		22.2		26.6		17.8		19.0				12.7		11.4		13.3		10.3		12.0				10.0		10.6		9.1		13.0		9.2				7.3		6.5		6.5		10.3		7.8				17.2		17.1		15.6		23.2		17.0				12.1		11.5		12.6		10.2		12.2

		Justin Raper				4.14		4.47		4.13		4.15		4.38				16.6		15.6		15.8		14.8		15.4				1.05		0.95		0.89		0.91		0.91				1.16		1.09		1.11		1.19		1.13				119				2.21		2.04		2.01		2.11		2.04				34.9		26.1		18.1		24.8		33.9				28		25		21		23		22				31.4		23.1		20.5		26.3		26.6				15.9		15.2		13.2		10.8		14.9				12.5		11.3		12.9		9.2		10.4				5.5		3.5		6.3		5.8		5.3				18.0		14.8		19.1		14.9		15.6				13.7		14.0		11.9		9.1		13.2

		Luke Cruickshank				4.28		4.91		4.88		4.87		4.94				22.0		20.9		19.6		18.9		20.6				1.02		1.02		1.01		0.98		0.99				1.99		1.84		1.84		1.82		1.87				178				3.01		2.86		2.86		2.80		2.86				34.2		23.0		17.0		18.0		17.4				58		54		50		45		48				42.3		29.2		25.4		30.0		30.9				9.2		14.8		13.1		9.9		4.6				17.6		10.5		8.6		7.4		9.4				6.0		5.5		5.5		7.7		5.8				23.6		16.0		14.1		15.0		15.2				4.6		8.0		7.1		5.4		2.4

		Braden Gravelle				4.00		4.73		4.54		4.54		4.69				19.4		19.4		19.4		19.1		19.4				1.07		1.11		1.01		1.08		1.16				1.20		1.18		1.14		1.17		1.16				130				2.28		2.29		2.15		2.25		2.32				35.4		20.0		18.8		14.9		16.6				37		28		32		26		26				35.2		13.8		16.0		10.3		13.9				22.3		22.5		27.6		19.6		22.3				10.5		13.1		12.2		11.0		8.4				4.5		6.5		6.0		5.8		6.8				15.0		19.6		18.2		16.7		15.2				18.6		19.1		24.3		16.8		19.2

		Jill Beuermann				2.46		2.61		3.05		3.09		3.16				10.9		10.6		10.2		9.5		10.1				0.82		0.88		0.88		0.84		0.89				0.54		0.54		0.53		0.54		0.57				74				1.37		1.42		1.41		1.38		1.46				27.5		28.5		10.1		18.2		15.1				26		24		22		21		24				43.7		39.3		19.0		17.9		22.3				5.5		4.6		4.7		3.5		5.2				12.7		12.8		11.8		14.6		7.6				6.8		8.0		8.3		9.0		9.8				19.4		20.8		20.1		23.6		17.4				10.2		8.5		9.0		6.5		9.2

		Wageesha Wickramaratna				2.14		2.39		2.43		2.49		2.66				12.5		11.9		12.4		10.8		12.6				0.82		0.76		0.84		0.80		0.82				0.49		0.43		0.55		0.45		0.52				66				1.31		1.19		1.40		1.25		1.35				38.6		22.3		20.0		18.8		24.3				31		24		24		22		24				69.2		33.3		27.3		25.9		24.3				10.6		10.1		10.0		7.8		7.9				15.5		13.3		13.4		12.9		13.1				5.8		6.5		4.3		8.3		7.8				21.2		19.8		17.6		21.1		20.8				21.7		23.4		18.2		17.2		15.1

		Sarah Cleland				2.94		3.23		3.52		3.47		3.74				13.8		13.8		13.7		14.0		14.0				0.92		0.92		0.87		0.84		0.92				0.80		0.83		0.85		0.87		0.90				93				1.72		1.75		1.72		1.72		1.82				20.6		16.1		10.0		11.4		12.9				33		29		30		30		31				35.6		16.4		13.9		13.0		16.2				1.1		1.7		1.4		2.0		1.4				18.7		30.0		13.7		25.6		16.7				11.5		7.5		9.8		10.3		10.0				30.2		37.5		23.5		35.8		26.7				1.4		2.1		1.7		2.2		1.5

		Joanne Muhtar				2.49		2.75		2.70		2.91		2.97				11.4		11.4		10.8		11.3		11.5				0.93		0.79		0.79		0.77		0.83				0.51		0.59		0.61		0.53		0.49				66				1.44		1.39		1.40		1.30		1.32				43.9		28.2		20.3		25.4		16.9				26		25		30		28		26				44.4		48.6		19.8		28.2		20.9				3.2		3.0		1.5		3.8		2.1				17.7		13.3		14.9		19.2		9.2				3.0		6.3		7.0		7.0		10.0				20.7		19.6		21.9		26.2		19.2				6.3		5.0		2.5		7.3		4.4

		Lisa Kavanagh				3.13		3.27		3.62		3.63		3.48				13.1		12.5		12.1		12.3		12.2				1.06		1.08		1.05		0.95		0.96				0.51		0.57		0.52		0.54		0.55				71				1.58		1.66		1.56		1.48		1.51				26.4		19.7		11.4		15.1		13.0				20		20		18		18		19				30.0		27.5		16.9		41.8		18.6				1.7		1.3		0.8		0.7		1.0				14.9		8.9		5.5		4.9		4.8				14.7		8.0		10.5		9.3		12.0				29.6		16.9		16.0		14.2		16.8				3.3		2.2		1.5		1.3		1.7

		Leigh Gabel				2.59		2.83		2.75		2.94		3.04				10.8		9.8		9.6		10.5		10.4				0.83		0.84		0.78		0.85		0.79				0.46		0.44		0.47		0.43		0.44				67				1.29		1.28		1.25		1.28		1.24				28.6		20.7		17.7		13.5		14.1				21		20		22		20		24				32.8		21.0		19.3		21.0		19.7				4.5		4.9		5.1		5.1		2.8				13.7		13.6		10.1		7.9		11.0				7.5		5.5		8.5		7.5		9.0				21.2		19.1		18.6		15.4		20.0				9.9		11.1		10.7		11.7		6.3

		Tina Siemens				2.44		2.62		2.84		2.92		3.06				10.6		10.8		10.8		11.4		11.3				0.92		0.88		0.76		0.85		0.83				0.55		0.50		0.52		0.48		0.51				70				1.47		1.38		1.28		1.33		1.34				24.4		21.3		22.5		15.5		16.6				24		21		22		23		23				53.9		39.4		34.5		32.5		25.2				1.5		1.3		1.8		1.6		1.0				21.4		14.8		11.9		9.0		14.1				8.0		9.5		8.5		4.7		7.8				29.4		24.3		20.4		13.7		21.9				2.8		2.6		3.5		3.5		1.9

		Theresa Van Straaten				3.01		3.23		3.29		3.44		3.67				14.9		15.4		14.7		15.1		13.4				1.13		1.10		1.10		1.02		1.04				0.67		0.61		0.61		0.63		0.64				80				1.80		1.72		1.71		1.65		1.68				38.8		19.6		21.7		21.9		21.3				29		18		20		19		18				54.0		20.9		28.3		28.6		29.9				1.2		1.6		1.2		1.6		1.4				22.0		10.3		15.2		13.4		15.3				9.5		7.3		8.0		7.8		8.7				31.5		17.6		23.2		21.2		24.0				1.7		2.6		2.0		2.6		2.1

		Group				3.23		3.57		3.62		3.69		3.84				14.64		14.49		14.13		14.07		14.23				0.97		0.97		0.93		0.93		0.93				0.91		0.89		0.89		0.89		0.91				100				1.88		1.87		1.82		1.82		1.85				32.5		22.2		18.1		18.6		18.1				32		27		28		27		28				45.3		29.5		24.5		27.7		23.8				7.7		8.8		8.3		7.9		7.2				14.0		13.1		11.2		12.1		10.6				7.0		6.6		7.0		7.2		8.0				21.1		19.7		18.2		19.4		18.7				8.5		9.5		8.8		8.6		7.6

		Men				3.82		4.27		4.22		4.28		4.47				17.03		16.96		16.48		16.29		16.53				1.02		1.04		0.97		0.99		0.98				1.25		1.22		1.20		1.22		1.25				128				2.27		2.26		2.17		2.21		2.23				33.8		22.4		19.4		19.8		19.5				38		32		32		32		32				45.2		28.1		26.6		29.3		25.5				11.7		14.1		13.3		12.5		11.5				11.0		11.6		10.3		10.9		9.8				5.7		5.9		5.9		6.5		6.7				16.7		17.5		16.2		17.3		16.4				9.8		11.7		11.4		10.6		10.0

		Women				2.65		2.87		3.03		3.11		3.22				12.25		12.01		11.79		11.85		11.93				0.93		0.91		0.88		0.86		0.89				0.57		0.56		0.58		0.56		0.58				73				1.50		1.47		1.46		1.42		1.46				31.1		22.1		16.7		17.5		16.8				26		23		23		23		23				45.4		30.8		22.4		26.1		22.1				3.7		3.5		3.3		3.3		2.9				17.1		14.6		12.1		13.4		11.5				8.3		7.3		8.1		8.0		9.4				25.4		21.9		20.2		21.4		20.9				7.2		7.2		6.1		6.6		5.3

																																										Gain Y (VO2/WR)												Gain O												TTest Gain

																																										11.1		12.1		11.9		11.6		12.0				10.1		11.2		10.4		9.9		10.4				0.1211552055		0.7287390659		0.9357832081		0.8678624655		0.7092582718

																																										10.3		10.9		10.2		10.5		10.8				10.4		8.8		8.7		10.9		11.1

																																										11.8		11.1		10.7		11.1		11.4				9.0		10.8		10.7		11.7		11.7

																																										12.4		12.8		11.9		13.2		14.8				11.5		13.1		11.0		10.6		11.9

																																										12.0		11.2		12.0		11.4		11.2				11.7		12.1		12.0		11.4		12.2

																																										11.7		11.0		11.2		12.1		11.4				10.9		11.5		10.3		11.8		10.9

																																										12.6		11.7		11.7		11.5		11.8				12.1		12.0		13.7		12.7		12.7

																																										10.9		10.7		10.3		10.6		10.5				11.2		10.4		12.7		13.7		15.2

																																										10.1		9.9		9.7		10.0		10.5				12.3		8.5		12.3		10.4		10.7				0.1278041884		0.0197098579		0.1192106844		0.5018172188		0.8832427653

																																										10.6		9.4		12.0		9.8		11.4				10.4		8.9		9.2		9.7		11.1

																																										11.0		11.4		11.6		12.0		12.3				8.8		9.7		10.4		10.4		9.8

																																										11.2		12.9		13.3		11.4		10.7				7.7		9.7		7.4		9.2		10.1

																																										10.0		11.3		10.2		10.5		10.9				10.4		9.3		9.6		12.0		13.0

																																										9.7		9.3		10.0		9.2		9.4				5.8		6.4		8.9		8.1		10.4

																																										11.0		9.9		10.4		9.5		10.2

																																										11.1		10.2		10.1		10.5		10.7

																																								Group		11.10		10.98		11.08		10.94		11.25				10.17		10.18		10.52		10.89		11.51

																																								Men		11.61		11.44		11.24		11.51		11.74				10.88		11.25		11.19		11.60		12.01

																																								Women		10.58		10.53		10.92		10.38		10.76				9.22		8.74		9.63		9.96		10.84





Old

						VO2peak (L/min)												CO mod (L/min)												VO2 bsln (L/min)												VO2 amp (L/min)												PO Mods (W)				VO2 ss (L/min)												Tau VO2 (s)												HR amp (bpm)												Tau HR (s)												HHb amp												Tau HHb (s)												Calculated TD HHb (s)												MRT HHb (s)												HHb amp / VO2 amp

						Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post								Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post

		Graham Taylor				2.56		2.58		3.00		3.00		3.14				13.4		12.1		15.4		13.6		14.0				1.14		0.85		0.95		0.96		0.99				0.52		0.57		0.53		0.51		0.53				71				1.66		1.42		1.48		1.47		1.52				35.7		32.9		25.4		25.4		29.2				18		16		18		19		15				49.4		31.6		34.1		29.9		23.3				7.1		16.5		8.2		9.1		9.2				9.1		10.0		5.9		11.9		9.7				8.5		8.5		9.5		8.5		10.5				17.6		18.5		15.4		20.4		20.2				13.8		28.9		15.4		18.0		17.3

		Ian McLean				2.13		2.34		2.23		2.35		2.86				9.5		10.6		9.4		10.0		8.4				1.09		0.96		0.87		1.02		0.94				0.35		0.30		0.30		0.37		0.38				54				1.45		1.27		1.16		1.39		1.32				51.5		34.2		41.0		31.0		33.6				9		7		7		8		9				73.4		34.9		48.9		48.5		52.1				7.4		8.5		8.5		6.2		6.0				3.0		14.9		14.9		15.0		8.4				2.3		12.3		9.0		7.3		7.5				5.3		27.2		23.9		22.2		15.9				20.9		28.2		28.7		16.8		15.9

		Don Hughes				1.90		2.42		2.21		2.30		2.53				12.6		11.1		9.6		10.4		10.7				1.06		0.92		0.77		0.95		0.94				0.35		0.42		0.41		0.45		0.45				59				1.40		1.34		1.18		1.40		1.39				44.7		36.6		37.2		25.9		28.5				13		17		17		18		14				44.6		41.8		41.6		36.3		34.8				13.7		20.7		16.2		18.1		18.2				36.8		17.9		11.8		11.1		17.2				6.8		7.5		10.3		6.0		11.0				43.5		25.4		22.0		17.1		28.2				39.4		49.7		39.3		40.0		40.3

		Robert Mires				1.92		2.14		2.05		2.52		2.59				9.4		10.2		10.6		11.3		10.6				1.01		0.90		0.81		0.85		0.91				0.37		0.42		0.36		0.34		0.38				52				1.38		1.32		1.17		1.19		1.30				42.4		51.4		34.6		33.0		33.4				12		12		12		11		11				58.3		50.4		42.7		35.4		31.6				8.6		10.3		8.3		6.3		6.9				17.0		10.9		13.0		20.8		17.7				3.3		9.0		6.0		8.0		8.3				20.3		19.9		19.0		28.8		26.0				23.1		24.2		23.4		18.5		18.0

		Bill Robins				3.17		3.08		3.63		3.80		3.71				14.2		13.9		14.9		15.2		15.8				0.87		0.88		0.84		0.95		0.90				0.82		0.85		0.84		0.79		0.86				90				1.69		1.72		1.67		1.75		1.76				23.2		22.2		21.9		25.5		21.0				16		16		18		17		16				22.7		17.6		16.8		15.8		18.0				6.2		7.2		10.3		5.1		9.6				5.2		7.6		9.3		9.3		12.4				4.0		5.8		4.0		9.5		9.8				9.2		13.3		13.3		18.8		22.2				7.6		8.5		12.3		6.4		11.2

		Henry Meredith				2.40		2.69		3.24		2.97		3.41				13.0		12.4		12.7		14.4		13.0				0.96		0.87		0.95		0.99		0.92				0.48		0.50		0.45		0.52		0.48				64				1.44		1.37		1.40		1.51		1.40				60.1		37.3		28.1		39.7		32.7				13		12		10		11		11				58.8		27.4		34.3		20.9		23.7				13.9		10.4		10.9		10.3		9.3				14.3		23.3		15.6		10.7		10.3				11.3		9.5		9.3		8.8		9.3				25.6		32.8		24.8		19.4		19.5				28.9		20.7		24.2		19.9		19.4

		Michel Shinnick				2.59		2.88		2.66		2.99		3.09				12.0		11.5		12.3		11.3		11.3				0.88		0.84		0.81		0.75		0.80				0.85		0.84		0.96		0.89		0.89				90				1.73		1.68		1.77		1.64		1.68				37.9		26.5		46.4		35.6		28.6				21		17		18		20		19				37.5		30.8		39.0		28.3		24.6				11.4		15.8		15.3		13.4		13.2				7.5		9.7		7.8		10.7		6.9				8.0		8.7		7.8		8.3		6.8				15.5		18.4		15.6		18.9		13.7				13.5		18.8		15.9		15.0		14.9

		Herbert Davidson				1.62		1.74		2.18		2.23		2.30				9.2		9.0		9.7		10.4		10.8				0.92		0.83		0.84		0.88		0.96				0.45		0.42		0.51		0.55		0.61				60				1.37		1.24		1.35		1.43		1.57				45.2		36.4		34.7		48.1		45.5				12		12		14		12		15				50.2		41.8		44.7		36.0		39.8				2.1		1.2		2.6		3.0		2.3				13.8		27.1		9.2		14.4		11.5				11.0		11.8		6.7		10.3		10.0				24.8		38.8		15.9		24.7		21.5				4.7		2.8		5.0		5.4		3.7

		Penny Taylor				2.08		2.16		2.15		2.23		2.17				10.3		9.5		9.5		10.3		10.0				0.87		0.83		0.82		0.91		0.95				0.34		0.24		0.34		0.29		0.30				48				1.22		1.06		1.16		1.20		1.25				48.3		26.8		37.1		19.7		25.4				18		15		14		12		10				39.2		33.6		24.9		27.9		28.9

		Irma Darcy				1.96		1.92		1.89		2.16		2.21				11.5		10.7		10.6		10.8		9.7				0.98		0.96		0.85		0.86		0.93				0.33		0.29		0.30		0.31		0.36				52				1.31		1.24		1.14		1.17		1.28				75.4		49.1		36.3		48.7		34.4				25		20		18		19		19				86.4		66.0		48.3		39.9		23.3

		Lynda Windsor				1.38		1.47		1.62		1.60		1.67				10.2		9.4		10.1		9.1		8.5				0.79		0.79		0.81		0.76		0.79				0.18		0.19		0.21		0.21		0.20				40				0.96		0.98		1.02		0.97		0.98				63.5		46.4		50.1		37.6		45.5				23		16		13		12		11				87.1		55.9		54.2		39.4		52.4

		Barbara Miller				1.63		1.61		1.75		1.80		1.71				10.4		12.6		10.8		10.9		13.1				0.88		1.01		0.95		0.96		1.01				0.19		0.24		0.18		0.23		0.25				45				1.07		1.25		1.13		1.19		1.26				66.8		37.7		32.8		39.0		36.8				15		14		14		11		12				51.9		53.9		46.4		48.2		58.1

		Florence Beuermann				1.68		1.81		2.02		2.33		2.37				13.5		12.6		12.1		13.1		13.0				1.03		0.90		0.90		1.09		1.06				0.38		0.34		0.35		0.44		0.48				57				1.41		1.24		1.25		1.53		1.53				37.0		27.2		33.8		28.9		33.3				18		18		16		16		14				58.3		66.8		58.6		58.3		51.7

		Olga Davidson				1.62		1.67		1.73		1.97		1.93				8.3		8.0		10.0		9.6		11.3				0.99		0.91		0.96		0.96		0.98				0.12		0.14		0.19		0.17		0.22				41				1.12		1.05		1.15		1.13		1.20				36.4		19.9		18.2		18.2		23.1				6		8		9		8		8				46.4		42.3		47.1		34.8		34.5

		Group				2.05		2.18		2.31		2.45		2.55				11.25		10.96		11.27		11.44		11.45				0.96		0.89		0.87		0.92		0.93				0.41		0.41		0.42		0.43		0.46				59				1.37		1.30		1.29		1.35		1.39				47.7		34.6		34.1		32.6		32.2				15		14		14		14		13				54.6		42.5		41.5		35.7		35.5

		Men				2.29		2.48		2.65		2.77		2.95				11.66		11.34		11.82		12.05		11.83				0.99		0.88		0.85		0.92		0.92				0.52		0.54		0.54		0.55		0.57				68				1.52		1.42		1.40		1.47		1.49				42.6		34.7		33.7		33.0		31.6				14		14		14		15		14				49.4		34.5		37.8		31.4		31.0				8.8		11.3		10.0		8.9		9.3				13.4		15.2		10.9		13.0		11.8				6.9		9.1		7.8		8.3		9.1				20.2		24.3		18.7		21.3		20.9				19.0		22.7		20.5		17.5		17.6

		Women				1.73		1.77		1.86		2.02		2.01				10.69		10.46		10.52		10.62		10.94				0.92		0.90		0.88		0.92		0.95				0.26		0.24		0.26		0.28		0.30				47				1.18		1.14		1.14		1.20		1.25				54.6		34.5		34.7		32.0		33.1				17		15		14		13		12				61.6		53.1		46.6		41.4		41.5

																																										Gain (VO2/WR)

																																										10.1		11.2		10.4		9.9		10.4

																																										10.4		8.8		8.7		10.9		11.1

																																										9.0		10.8		10.7		11.7		11.7

																																										11.5		13.1		11.0		10.6		11.9

																																										11.7		12.1		12.0		11.4		12.2

																																										10.9		11.5		10.3		11.8		10.9

																																										12.1		12.0		13.7		12.7		12.7

																																										11.2		10.4		12.7		13.7		15.2

																																										12.3		8.5		12.3		10.4		10.7

																																										10.4		8.9		9.2		9.7		11.1

																																										8.8		9.7		10.4		10.4		9.8

																																										7.7		9.7		7.4		9.2		10.1

																																										10.4		9.3		9.6		12.0		13.0

																																										5.8		6.4		8.9		8.1		10.4

																																								Group		10.2		10.2		10.5		10.9		11.5

																																								Men		10.9		11.3		11.2		11.6		12.0

																																								Women		9.2		8.7		9.6		10.0		10.8





Young-Old Men

						VO2peak (L/min)												CO mod (L/min)												VO2 bsln (L/min)												VO2 amp (L/min)												PO Mods (W)				VO2 ss (L/min)												Tau VO2 (s)																HR amp (bpm)												Tau HR (s)												HHb amp												Tau HHb (s)												Calculated TD HHb (s)												MRT HHb (s)												HHb amp / VO2 amp

						Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post								Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post		% Change						Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post				∆TauHR Pre-W3		∆TauVO2 Pre-W3																		Tau HR		Tau VO2																																Pre-W3		Pre-Post

		Devin Hanes				3.68		3.75		4.17		4.31		4.45				15.3		15.6		15.2		14.5		14.9				1.08		0.93		0.95		0.94		0.97				0.99		1.08		1.06		1.03		1.07				109				2.08		2.00		2.01		1.98		2.04				36.2		12.9		15.7		14.6		15.0		-64.2						36		27		27		29		29				63.6		21.7		24.6		28.9		20.9				5.7		9.0		9.0		8.4		8.0				7.0		8.3		8.3		13.6		9.8				4.3		5.8		5.8		6.8		7.0				11.3		14.1		14.1		20.3		16.8				5.8		8.4		8.5		8.2		7.5				41.9		23.2																Y		63.6		36.2																		63.6		21.7		24.6		28.9		20.9				∆ HR Y		41.9		42.8

		Cole Higgs				4.22		4.66		4.59		4.80		4.80				16.7		17.1		18.9		18.0		18.5				0.99		1.11		1.11		1.04		1.13				1.40		1.48		1.39		1.43		1.47				156				2.40		2.58		2.50		2.47		2.59				26.7		14.9		11.7		12.9		14.2		-44.3						41		36		36		39		38				46.8		29.5		26.9		29.9		26.5				7.0		9.0		7.4		9.5		5.6				9.4		13.0		10.0		9.5		10.0				6.5		7.0		7.3		5.5		7.8				15.9		20.0		17.2		15.0		17.7				5.0		6.1		5.3		6.7		3.8				17.2		11.8																Y		46.8		26.7																		46.8		29.5		26.9		29.9		26.5				∆ HR Y		17.2		20.2

		Adnaan Bhyat				3.61		3.99		3.86		3.75		4.13				16.5		16.4		15.1		15.5		15.1				1.02		1.00		0.91		0.99		0.88				1.30		1.23		1.17		1.22		1.26				130				2.32		2.23		2.08		2.21		2.14				41.0		30.5		30.3		26.0		24.0		-25.7						30		28		25		32		27				44.2		39.3		35.6		39.4		32.4				14.2		24.2		17.0		21.1		14.6				13.7		13.7		13.6		13.4		12.0				6.5		6.8		4.8		5.5		7.0				20.2		20.4		18.3		18.9		19.0				10.9		19.8		14.5		17.2		11.6				4.9		10.5																Y		44.2		41.0																		44.2		39.3		35.6		39.4		32.4				∆ HR Y		4.9		11.8

		Divid Hawil				2.82		3.41		3.47		3.46		3.93				15.5		14.7		14.4		15.4		14.7				0.97		1.14		1.06		1.06		0.95				0.87		0.90		0.83		0.92		1.04				90				1.83		2.04		1.89		1.99		1.98				43.4		34.6		25.4		32.3		20.5		-20.3						45		33		35		35		38				68.0		46.1		37.0		51.5		34.0				6.9		6.3		6.0		10.6		10.0				7.2		12.1		7.7		9.9		9.0				5.3		6.0		5.3		4.5		6.0				12.5		18.1		13.0		14.4		15.0				8.0		7.1		7.2		11.5		9.7				21.8		8.8																Y		68.0		43.4																		68.0		46.1		37.0		51.5		34.0				∆ HR Y		21.8		33.9

		Alejandro Zuluaga				3.79		4.26		4.15		4.34		4.41				14.3		16.1		13.5		14.2		13.7				0.95		1.03		0.84		0.91		0.86				1.05		0.99		1.06		1.01		0.98				108				2.01		2.02		1.90		1.92		1.84				18.9		16.8		18.3		14.8		14.2		-11.1						27		23		29		27		30				30.5		22.2		26.6		17.8		19.0				12.7		11.4		13.3		10.3		12.0				10.0		10.6		9.1		13.0		9.2				7.3		6.5		6.5		10.3		7.8				17.2		17.1		15.6		23.2		17.0				12.1		11.5		12.6		10.2		12.2				8.2		2.1																Y		30.5		18.9																		30.5		22.2		26.6		17.8		19.0				∆ HR Y		8.2		11.5

		Justin Raper				4.14		4.47		4.13		4.15		4.38				16.6		15.6		15.8		14.8		15.4				1.05		0.95		0.89		0.91		0.91				1.16		1.09		1.11		1.19		1.13				119				2.21		2.04		2.01		2.11		2.04				34.9		26.1		18.1		24.8		33.9		-25.2						28		25		21		23		22				31.4		23.1		20.5		26.3		26.6				15.9		15.2		13.2		10.8		14.9				12.5		11.3		12.9		9.2		10.4				5.5		3.5		6.3		5.8		5.3				18.0		14.8		19.1		14.9		15.6				13.7		14.0		11.9		9.1		13.2				8.3		8.8																Y		31.4		34.9																		31.4		23.1		20.5		26.3		26.6				∆ HR Y		8.3		4.8

		Luke Cruickshank				4.28		4.91		4.88		4.87		4.94				22.0		20.9		19.6		18.9		20.6				1.02		1.02		1.01		0.98		0.99				1.99		1.84		1.84		1.82		1.87				178				3.01		2.86		2.86		2.80		2.86				34.2		23.0		17.0		18.0		17.4		-32.9						58		54		50		45		48				42.3		29.2		25.4		30.0		30.9				9.2		14.8		13.1		9.9		4.6				17.6		10.5		8.6		7.4		9.4				6.0		5.5		5.5		7.7		5.8				23.6		16.0		14.1		15.0		15.2				4.6		8.0		7.1		5.4		2.4				13.1		11.3																Y		42.3		34.2																		42.3		29.2		25.4		30.0		30.9				∆ HR Y		13.1		11.4

		Braden Gravelle				4.00		4.73		4.54		4.54		4.69				19.4		19.4		19.4		19.1		19.4				1.07		1.11		1.01		1.08		1.16				1.20		1.18		1.14		1.17		1.16				130				2.28		2.29		2.15		2.25		2.32				35.4		20.0		18.8		14.9		16.6		-43.3						37		28		32		26		26				35.2		13.8		16.0		10.3		13.9				22.3		22.5		27.6		19.6		22.3				10.5		13.1		12.2		11.0		8.4				4.5		6.5		6.0		5.8		6.8				15.0		19.6		18.2		16.7		15.2				18.6		19.1		24.3		16.8		19.2				21.5		15.3																Y		35.2		35.4																		35.2		13.8		16.0		10.3		13.9				∆ HR Y		21.5		21.4

																																																																																																																																																																																												Y		21.7		12.9

		Graham Taylor				2.56		2.58		3.00		3.00		3.14				13.4		12.1		15.4		13.6		14.0				1.14		0.85		0.95		0.96		0.99				0.52		0.57		0.53		0.51		0.53				71				1.66		1.42		1.48		1.47		1.52				35.7		32.9		25.4		25.4		29.2		-7.7						18		16		18		19		15				49.4		31.6		34.1		29.9		23.3				7.1		16.5		8.2		9.1		9.2				9.1		10.0		5.9		11.9		9.7				8.5		8.5		9.5		8.5		10.5				17.6		18.5		15.4		20.4		20.2				13.8		28.9		15.4		18.0		17.3				17.8		2.7																Y		29.5		14.9																		49.4		31.6		34.1		29.9		23.3				∆ HR O		17.8		26.1

		Ian McLean				2.13		2.34		2.23		2.35		2.86				9.5		10.6		9.4		10.0		8.4				1.09		0.96		0.87		1.02		0.94				0.35		0.30		0.30		0.37		0.38				54				1.45		1.27		1.16		1.39		1.32				51.5		34.2		41.0		31.0		33.6		-33.6						9		7		7		8		9				73.4		34.9		48.9		48.5		52.1				7.4		8.5		8.5		6.2		6.0				3.0		14.9		14.9		15.0		8.4				2.3		12.3		9.0		7.3		7.5				5.3		27.2		23.9		22.2		15.9				20.9		28.2		28.7		16.8		15.9				38.5		17.3																Y		39.3		30.5																		73.4		34.9		48.9		48.5		52.1				∆ HR O		38.5		21.2

		Don Hughes				1.90		2.42		2.21		2.30		2.53				12.6		11.1		9.6		10.4		10.7				1.06		0.92		0.77		0.95		0.94				0.35		0.42		0.41		0.45		0.45				59				1.40		1.34		1.18		1.40		1.39				44.7		36.6		37.2		25.9		28.5		-18.1						13		17		17		18		14				44.6		41.8		41.6		36.3		34.8				13.7		20.7		16.2		18.1		18.2				36.8		17.9		11.8		11.1		17.2				6.8		7.5		10.3		6.0		11.0				43.5		25.4		22.0		17.1		28.2				39.4		49.7		39.3		40.0		40.3				2.8		8.1																Y		46.1		34.6																		44.6		41.8		41.6		36.3		34.8				∆ HR O		2.8		9.7

		Robert Mires				1.92		2.14		2.05		2.52		2.59				9.4		10.2		10.6		11.3		10.6				1.01		0.90		0.81		0.85		0.91				0.37		0.42		0.36		0.34		0.38				52				1.38		1.32		1.17		1.19		1.30				42.4		51.4		34.6		33.0		33.4		21.1						12		12		12		11		11				58.3		50.4		42.7		35.4		31.6				8.6		10.3		8.3		6.3		6.9				17.0		10.9		13.0		20.8		17.7				3.3		9.0		6.0		8.0		8.3				20.3		19.9		19.0		28.8		26.0				23.1		24.2		23.4		18.5		18.0				7.9		-9.0																Y		22.2		16.8																		58.3		50.4		42.7		35.4		31.6				∆ HR O		7.9		26.8

		Bill Robins				3.17		3.08		3.63		3.80		3.71				14.2		13.9		14.9		15.2		15.8				0.87		0.88		0.84		0.95		0.90				0.82		0.85		0.84		0.79		0.86				90				1.69		1.72		1.67		1.75		1.76				23.2		22.2		21.9		25.5		21.0		-4.3						16		16		18		17		16				22.7		17.6		16.8		15.8		18.0				6.2		7.2		10.3		5.1		9.6				5.2		7.6		9.3		9.3		12.4				4.0		5.8		4.0		9.5		9.8				9.2		13.3		13.3		18.8		22.2				7.6		8.5		12.3		6.4		11.2				5.1		1.0																Y		23.1		26.1																		22.7		17.6		16.8		15.8		18.0				∆ HR O		5.1		4.7

		Henry Meredith				2.40		2.69		3.24		2.97		3.41				13.0		12.4		12.7		14.4		13.0				0.96		0.87		0.95		0.99		0.92				0.48		0.50		0.45		0.52		0.48				64				1.44		1.37		1.40		1.51		1.40				60.1		37.3		28.1		39.7		32.7		-37.9						13		12		10		11		11				58.8		27.4		34.3		20.9		23.7				13.9		10.4		10.9		10.3		9.3				14.3		23.3		15.6		10.7		10.3				11.3		9.5		9.3		8.8		9.3				25.6		32.8		24.8		19.4		19.5				28.9		20.7		24.2		19.9		19.4				31.4		22.8																Y		29.2		23.0																		58.8		27.4		34.3		20.9		23.7				∆ HR O		31.4		35.1

		Michel Shinnick				2.59		2.88		2.66		2.99		3.09				12.0		11.5		12.3		11.3		11.3				0.88		0.84		0.81		0.75		0.80				0.85		0.84		0.96		0.89		0.89				90				1.73		1.68		1.77		1.64		1.68				37.9		26.5		46.4		35.6		28.6		-30.0						21		17		18		20		19				37.5		30.8		39.0		28.3		24.6				11.4		15.8		15.3		13.4		13.2				7.5		9.7		7.8		10.7		6.9				8.0		8.7		7.8		8.3		6.8				15.5		18.4		15.6		18.9		13.7				13.5		18.8		15.9		15.0		14.9				6.7		11.4																Y		13.8		20.0																		37.5		30.8		39.0		28.3		24.6				∆ HR O		6.7		12.9

		Herbert Davidson				1.62		1.74		2.18		2.23		2.30				9.2		9.0		9.7		10.4		10.8				0.92		0.83		0.84		0.88		0.96				0.45		0.42		0.51		0.55		0.61				60				1.37		1.24		1.35		1.43		1.57				45.2		36.4		34.7		48.1		45.5		-19.5						12		12		14		12		15				50.2		41.8		44.7		36.0		39.8				2.1		1.2		2.6		3.0		2.3				13.8		27.1		9.2		14.4		11.5				11.0		11.8		6.7		10.3		10.0				24.8		38.8		15.9		24.7		21.5				4.7		2.8		5.0		5.4		3.7				8.4		8.8																Y		24.6		15.7																		50.2		41.8		44.7		36.0		39.8				∆ HR O		8.4		10.3

																																																																																																																																																																																												Y		26.9		11.7

																												Young Men		1.02		1.04		0.97		0.99		0.98		Young Men		1.25		1.22		1.20		1.22		1.25				128														Young Men		33.8		22.4		19.4		19.8		19.5		-33.4				Young Men		38		32		32		32		32		Young Men		45		28		27		29		26		Young Men		12		14		13		13		12		Young Men		11		12		10		11		10		Young Men		6		6		6		6		7		Young Men		17		18		16		17		16		Young Men		10		12		11		11		10				r Young Men		0.83																Y		35.6		30.3																		36.2		12.9		15.7		14.6		15.0				∆ VO2 Y		23.2		21.1

																														0.05		0.08		0.09		0.07		0.11				0.35		0.31		0.30		0.29		0.29				28																7.8		7.7		5.8		7.0		6.7		16.7						10		10		9		8		9				14		10		7		13		7				6		6		7		5		6				4		2		2		2		1				1		1		1		2		1				4		2		2		3		1				5		5		6		4		5				r Old Men		0.65																Y		37.0		25.4																		26.7		14.9		11.7		12.9		14.2				∆ VO2 Y		11.8		12.5

																																																																																																																																																																										r Group		0.71																Y		26.6		18.3																		41.0		30.5		30.3		26.0		24.0				∆ VO2 Y		10.5		17.0

																												Old Men		0.99		0.88		0.85		0.92		0.92		Old Men		0.52		0.54		0.54		0.55		0.57				68														Old Men		42.6		34.7		33.7		33.0		31.6		-16.2				Old Men		14		14		14		15		14		Old Men		49		35		38		31		31		Old Men		9		11		10		9		9		Old Men		13		15		11		13		12		Old Men		7		9		8		8		9		Old Men		20		24		19		21		21		Old Men		19		23		21		17		18																						Y		20.5		18.1																		43.4		34.6		25.4		32.3		20.5				∆ VO2 Y		8.8		22.9

																														0.10		0.05		0.07		0.09		0.06				0.20		0.20		0.23		0.19		0.20				15																11.0		8.6		8.2		8.0		7.0		19.2						4		4		4		4		3				15		10		10		10		11				4		6		4		5		5				11		7		3		4		4				3		2		2		1		1				12		8		4		4		5				12		14		11		11		10																						Y		25.4		17.0																		18.9		16.8		18.3		14.8		14.2				∆ VO2 Y		2.1		4.7

																																																																																																																																																																																												Y		16.0		18.8																		34.9		26.1		18.1		24.8		33.9				∆ VO2 Y		8.8		1.0

																																										Gain																												W3 O Pre Y		W6 O Pre Y		W9 O Pre Y		Post O Pre Y				0.0778361055						HR/VO2																																																								HHb VS VO2		Young		0.00008		0.11087		0.16668		0.37981		0.23382																																		Y		28.9		14.6																		34.2		23.0		17.0		18.0		17.4				∆ VO2 Y		11.3		16.9

																																										11.1		12.1		11.9		11.6		12.0																		p value		0.8372447506		0.964531574		0.8405936448		0.5478821705										36		25		26		28		27																																																		Old		0.00150		0.02858		0.00045		0.00218		0.00311																																		Y		29.9		12.9																		35.4		20.0		18.8		14.9		16.6				∆ VO2 Y		15.3		18.8

																																										10.3		10.9		10.2		10.5		10.8																																				29		24		26		27		26																																																		Group		0.00000		0.01891		0.00194		0.01291		0.01021																																		Y		39.4		26.0

																																										11.8		11.1		10.7		11.1		11.4																																				23		23		22		26		21																																																																																														Y		51.5		32.3																		35.7		32.9		25.4		25.4		29.2				∆ VO2 O		2.7		6.5

																																										12.4		12.8		11.9		13.2		14.8																																				52		37		42		38		36																																																HR VS VO2		Young		0.06409		0.22718		0.04302		0.08329		0.10226																																		Y		17.8		14.8																		51.5		34.2		41.0		31.0		33.6				∆ VO2 O		17.3		17.9

																																										12.0		11.2		12.0		11.4		11.2																																				26		23		27		26		30																																																		Old		0.32462		0.97293		0.37805		0.72455		0.90537																																		Y		26.3		24.8																		44.7		36.6		37.2		25.9		28.5				∆ VO2 O		8.1		16.2

																																										11.7		11.0		11.2		12.1		11.4																																				24		23		19		19		19																																																		Group		0.04745		0.44698		0.12350		0.30123		0.40961																																		Y		30.0		18.0																		42.4		51.4		34.6		33.0		33.4				∆ VO2 O		-9.0		9.0

																																										12.6		11.7		11.7		11.5		11.8																																				29		29		27		25		26																																																																																														Y		10.3		14.9																		23.2		22.2		21.9		25.5		21.0				∆ VO2 O		1.0		2.1

																																										10.9		10.7		10.3		10.6		10.5																																				31		24		28		22		22																																																																																														Y		20.9		15.0																		60.1		37.3		28.1		39.7		32.7				∆ VO2 O		22.8		27.4

																																																																																																																																																																																												Y		26.5		14.2																		37.9		26.5		46.4		35.6		28.6				∆ VO2 O		11.4		9.4

																																										10.1		11.2		10.4		9.9		10.4																																				34		29		34		37		29																																																																																														Y		32.4		24.0																		45.2		36.4		34.7		48.1		45.5				∆ VO2 O		8.8		-0.3

																																										10.4		8.8		8.7		10.9		11.1																																				24		22		24		22		25																																																																																														Y		34.0		20.5

																																										9.0		10.8		10.7		11.7		11.7																																				38		40		41		39		31																																																																																														Y		19.0		14.2																														Young		0.83		0.74

																																										11.5		13.1		11.0		10.6		11.9																																				31		28		35		31		29																																																																																														Y		26.6		33.9																														Old		0.65		0.63

																																										11.7		12.1		12.0		11.4		12.2																																				19		19		21		22		19																																																																																														Y		30.9		17.4																														Group		0.71		0.67

																																										10.9		11.5		10.3		11.8		10.9																																				26		24		23		22		22																																																																																														Y		13.9		16.6

																																										12.1		12.0		13.7		12.7		12.7																																				24		20		18		23		21																																																																																														O		49.4		35.7

																																										11.2		10.4		12.7		13.7		15.2																																				27		28		28		22		24																																																																																														O		73.4		51.5

																																																																																																																																																																																												O		44.6		44.7

																																								Young Men		11.6		11.4		11.2		11.5		11.7																																		Young Men		31		26		27		27		26																																																																																														O		58.3		42.4

																																										0.8		0.7		0.7		0.9		1.3																																				9		5		7		5		5																																																																																														O		22.7		23.2

																																																																																																																																																																																												O		58.8		60.1

																																								Old Men		10.9		11.3		11.2		11.6		12.0																																		Old Men		28		26		28		27		25																																																																																														O		37.5		37.9

																																										1.0		1.3		1.6		1.2		1.5																																				6		7		8		7		4																																																																																														O		50.2		45.2

																																																																																																																																																																																												O		31.6		32.9

																																																																																																																																																																																												O		34.9		34.2

																																																																																																																																																																																												O		41.8		36.6

																																																																																																																																																																																												O		50.4		51.4

																																																																																																																																																																																												O		17.6		22.2

																																																																																																																																																																																												O		27.4		37.3

																																																																																																																																																																																												O		30.8		26.5

																																																																																																																																																																																												O		41.8		36.4

																																																																																																																																																																																												O		34.1		25.4

																																																																																																																																																																																												O		48.9		41.0

																																																																																																																																																																																												O		41.6		37.2

																																																																																																																																																																																												O		42.7		34.6

																																																																																																																																																																																												O		16.8		21.9

																																																																																																																																																																																												O		34.3		28.1

																																																																																																																																																																																												O		39.0		46.4

																																																																																																																																																																																												O		44.7		34.7

																																																																																																																																																																																												O		29.9		25.4

																																																																																																																																																																																												O		48.5		31.0

																																																																																																																																																																																												O		36.3		25.9

																																																																																																																																																																																												O		35.4		33.0

																																																																																																																																																																																												O		15.8		25.5

																																																																																																																																																																																												O		20.9		39.7

																																																																																																																																																																																												O		28.3		35.6

																																																																																																																																																																																												O		36.0		48.1

																																																																																																																																																																																												O		23.3		29.2

																																																																																																																																																																																												O		52.1		33.6

																																																																																																																																																																																												O		34.8		28.5

																																																																																																																																																																																												O		31.6		33.4

																																																																																																																																																																																												O		18.0		21.0

																																																																																																																																																																																												O		23.7		32.7

																																																																																																																																																																																												O		24.6		28.6

																																																																																																																																																																																												O		39.8		45.5

																																																																																																																																																																																														R		R2

																																																																																																																																																																																												Young		0.7555484684		0.5708534882

																																																																																																																																																																																												Old		0.7171726697		0.5143366381

																																																																																																																																																																																												Group		0.7193866912		0.5175172115
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Chart1

		Pre		Pre
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Young

						VO2peak (L/min)												CO mod (L/min)												VO2 bsln (L/min)												VO2 amp (L/min)												PO Mods (W)				VO2 ss (L/min)												Tau VO2 (s)												HR amp (bpm)												Tau HR (s)												HHb amp												Tau HHb (s)												Calculated TD HHb (s)												MRT HHb (s)												HHb amp / VO2 amp

						Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post								Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post

		Devin Hanes				3.68		3.75		4.17		4.31		4.45				15.3		15.6		15.2		14.5		14.9				1.08		0.93		0.95		0.94		0.97				0.99		1.08		1.06		1.03		1.07				109				2.08		2.00		2.01		1.98		2.04				36.2		12.9		15.7		14.6		15.0				36		27		27		29		29				63.6		21.7		24.6		28.9		20.9				5.7		9.0		9.0		8.4		8.0				7.0		8.3		8.3		13.6		9.8				4.3		5.8		5.8		6.8		7.0				11.3		14.1		14.1		20.3		16.8				5.8		8.4		8.5		8.2		7.5

		Cole Higgs				4.22		4.66		4.59		4.80		4.80				16.7		17.1		18.9		18.0		18.5				0.99		1.11		1.11		1.04		1.13				1.40		1.48		1.39		1.43		1.47				156				2.40		2.58		2.50		2.47		2.59				26.7		14.9		11.7		12.9		14.2				41		36		36		39		38				46.8		29.5		26.9		29.9		26.5				7.0		9.0		7.4		9.5		5.6				9.4		13.0		10.0		9.5		10.0				6.5		7.0		7.3		5.5		7.8				15.9		20.0		17.2		15.0		17.7				5.0		6.1		5.3		6.7		3.8

		Adnaan Bhyat				3.61		3.99		3.86		3.75		4.13				16.5		16.4		15.1		15.5		15.1				1.02		1.00		0.91		0.99		0.88				1.30		1.23		1.17		1.22		1.26				130				2.32		2.23		2.08		2.21		2.14				41.0		30.5		30.3		26.0		24.0				30		28		25		32		27				44.2		39.3		35.6		39.4		32.4				14.2		24.2		17.0		21.1		14.6				13.7		13.7		13.6		13.4		12.0				6.5		6.8		4.8		5.5		7.0				20.2		20.4		18.3		18.9		19.0				10.9		19.8		14.5		17.2		11.6

		Divid Hawil				2.82		3.41		3.47		3.46		3.93				15.5		14.7		14.4		15.4		14.7				0.97		1.14		1.06		1.06		0.95				0.87		0.90		0.83		0.92		1.04				90				1.83		2.04		1.89		1.99		1.98				43.4		34.6		25.4		32.3		20.5				45		33		35		35		38				68.0		46.1		37.0		51.5		34.0				6.9		6.3		6.0		10.6		10.0				7.2		12.1		7.7		9.9		9.0				5.3		6.0		5.3		4.5		6.0				12.5		18.1		13.0		14.4		15.0				8.0		7.1		7.2		11.5		9.7

		Alejandro Zuluaga				3.79		4.26		4.15		4.34		4.41				14.3		16.1		13.5		14.2		13.7				0.95		1.03		0.84		0.91		0.86				1.05		0.99		1.06		1.01		0.98				108				2.01		2.02		1.90		1.92		1.84				18.9		16.8		18.3		14.8		14.2				27		23		29		27		30				30.5		22.2		26.6		17.8		19.0				12.7		11.4		13.3		10.3		12.0				10.0		10.6		9.1		13.0		9.2				7.3		6.5		6.5		10.3		7.8				17.2		17.1		15.6		23.2		17.0				12.1		11.5		12.6		10.2		12.2

		Justin Raper				4.14		4.47		4.13		4.15		4.38				16.6		15.6		15.8		14.8		15.4				1.05		0.95		0.89		0.91		0.91				1.16		1.09		1.11		1.19		1.13				119				2.21		2.04		2.01		2.11		2.04				34.9		26.1		18.1		24.8		33.9				28		25		21		23		22				31.4		23.1		20.5		26.3		26.6				15.9		15.2		13.2		10.8		14.9				12.5		11.3		12.9		9.2		10.4				5.5		3.5		6.3		5.8		5.3				18.0		14.8		19.1		14.9		15.6				13.7		14.0		11.9		9.1		13.2

		Luke Cruickshank				4.28		4.91		4.88		4.87		4.94				22.0		20.9		19.6		18.9		20.6				1.02		1.02		1.01		0.98		0.99				1.99		1.84		1.84		1.82		1.87				178				3.01		2.86		2.86		2.80		2.86				34.2		23.0		17.0		18.0		17.4				58		54		50		45		48				42.3		29.2		25.4		30.0		30.9				9.2		14.8		13.1		9.9		4.6				17.6		10.5		8.6		7.4		9.4				6.0		5.5		5.5		7.7		5.8				23.6		16.0		14.1		15.0		15.2				4.6		8.0		7.1		5.4		2.4

		Braden Gravelle				4.00		4.73		4.54		4.54		4.69				19.4		19.4		19.4		19.1		19.4				1.07		1.11		1.01		1.08		1.16				1.20		1.18		1.14		1.17		1.16				130				2.28		2.29		2.15		2.25		2.32				35.4		20.0		18.8		14.9		16.6				37		28		32		26		26				35.2		13.8		16.0		10.3		13.9				22.3		22.5		27.6		19.6		22.3				10.5		13.1		12.2		11.0		8.4				4.5		6.5		6.0		5.8		6.8				15.0		19.6		18.2		16.7		15.2				18.6		19.1		24.3		16.8		19.2

		Jill Beuermann				2.46		2.61		3.05		3.09		3.16				10.9		10.6		10.2		9.5		10.1				0.82		0.88		0.88		0.84		0.89				0.54		0.54		0.53		0.54		0.57				74				1.37		1.42		1.41		1.38		1.46				27.5		28.5		10.1		18.2		15.1				26		24		22		21		24				43.7		39.3		19.0		17.9		22.3				5.5		4.6		4.7		3.5		5.2				12.7		12.8		11.8		14.6		7.6				6.8		8.0		8.3		9.0		9.8				19.4		20.8		20.1		23.6		17.4				10.2		8.5		9.0		6.5		9.2

		Wageesha Wickramaratna				2.14		2.39		2.43		2.49		2.66				12.5		11.9		12.4		10.8		12.6				0.82		0.76		0.84		0.80		0.82				0.49		0.43		0.55		0.45		0.52				66				1.31		1.19		1.40		1.25		1.35				38.6		22.3		20.0		18.8		24.3				31		24		24		22		24				69.2		33.3		27.3		25.9		24.3				10.6		10.1		10.0		7.8		7.9				15.5		13.3		13.4		12.9		13.1				5.8		6.5		4.3		8.3		7.8				21.2		19.8		17.6		21.1		20.8				21.7		23.4		18.2		17.2		15.1

		Sarah Cleland				2.94		3.23		3.52		3.47		3.74				13.8		13.8		13.7		14.0		14.0				0.92		0.92		0.87		0.84		0.92				0.80		0.83		0.85		0.87		0.90				93				1.72		1.75		1.72		1.72		1.82				20.6		16.1		10.0		11.4		12.9				33		29		30		30		31				35.6		16.4		13.9		13.0		16.2				1.1		1.7		1.4		2.0		1.4				18.7		30.0		13.7		25.6		16.7				11.5		7.5		9.8		10.3		10.0				30.2		37.5		23.5		35.8		26.7				1.4		2.1		1.7		2.2		1.5

		Joanne Muhtar				2.49		2.75		2.70		2.91		2.97				11.4		11.4		10.8		11.3		11.5				0.93		0.79		0.79		0.77		0.83				0.51		0.59		0.61		0.53		0.49				66				1.44		1.39		1.40		1.30		1.32				43.9		28.2		20.3		25.4		16.9				26		25		30		28		26				44.4		48.6		19.8		28.2		20.9				3.2		3.0		1.5		3.8		2.1				17.7		13.3		14.9		19.2		9.2				3.0		6.3		7.0		7.0		10.0				20.7		19.6		21.9		26.2		19.2				6.3		5.0		2.5		7.3		4.4

		Lisa Kavanagh				3.13		3.27		3.62		3.63		3.48				13.1		12.5		12.1		12.3		12.2				1.06		1.08		1.05		0.95		0.96				0.51		0.57		0.52		0.54		0.55				71				1.58		1.66		1.56		1.48		1.51				26.4		19.7		11.4		15.1		13.0				20		20		18		18		19				30.0		27.5		16.9		41.8		18.6				1.7		1.3		0.8		0.7		1.0				14.9		8.9		5.5		4.9		4.8				14.7		8.0		10.5		9.3		12.0				29.6		16.9		16.0		14.2		16.8				3.3		2.2		1.5		1.3		1.7

		Leigh Gabel				2.59		2.83		2.75		2.94		3.04				10.8		9.8		9.6		10.5		10.4				0.83		0.84		0.78		0.85		0.79				0.46		0.44		0.47		0.43		0.44				67				1.29		1.28		1.25		1.28		1.24				28.6		20.7		17.7		13.5		14.1				21		20		22		20		24				32.8		21.0		19.3		21.0		19.7				4.5		4.9		5.1		5.1		2.8				13.7		13.6		10.1		7.9		11.0				7.5		5.5		8.5		7.5		9.0				21.2		19.1		18.6		15.4		20.0				9.9		11.1		10.7		11.7		6.3

		Tina Siemens				2.44		2.62		2.84		2.92		3.06				10.6		10.8		10.8		11.4		11.3				0.92		0.88		0.76		0.85		0.83				0.55		0.50		0.52		0.48		0.51				70				1.47		1.38		1.28		1.33		1.34				24.4		21.3		22.5		15.5		16.6				24		21		22		23		23				53.9		39.4		34.5		32.5		25.2				1.5		1.3		1.8		1.6		1.0				21.4		14.8		11.9		9.0		14.1				8.0		9.5		8.5		4.7		7.8				29.4		24.3		20.4		13.7		21.9				2.8		2.6		3.5		3.5		1.9

		Theresa Van Straaten				3.01		3.23		3.29		3.44		3.67				14.9		15.4		14.7		15.1		13.4				1.13		1.10		1.10		1.02		1.04				0.67		0.61		0.61		0.63		0.64				80				1.80		1.72		1.71		1.65		1.68				38.8		19.6		21.7		21.9		21.3				29		18		20		19		18				54.0		20.9		28.3		28.6		29.9				1.2		1.6		1.2		1.6		1.4				22.0		10.3		15.2		13.4		15.3				9.5		7.3		8.0		7.8		8.7				31.5		17.6		23.2		21.2		24.0				1.7		2.6		2.0		2.6		2.1

		Group				3.23		3.57		3.62		3.69		3.84				14.64		14.49		14.13		14.07		14.23				0.97		0.97		0.93		0.93		0.93				0.91		0.89		0.89		0.89		0.91				100				1.88		1.87		1.82		1.82		1.85				32.5		22.2		18.1		18.6		18.1				32		27		28		27		28				45.3		29.5		24.5		27.7		23.8				7.7		8.8		8.3		7.9		7.2				14.0		13.1		11.2		12.1		10.6				7.0		6.6		7.0		7.2		8.0				21.1		19.7		18.2		19.4		18.7				8.5		9.5		8.8		8.6		7.6

		Men				3.82		4.27		4.22		4.28		4.47				17.03		16.96		16.48		16.29		16.53				1.02		1.04		0.97		0.99		0.98				1.25		1.22		1.20		1.22		1.25				128				2.27		2.26		2.17		2.21		2.23				33.8		22.4		19.4		19.8		19.5				38		32		32		32		32				45.2		28.1		26.6		29.3		25.5				11.7		14.1		13.3		12.5		11.5				11.0		11.6		10.3		10.9		9.8				5.7		5.9		5.9		6.5		6.7				16.7		17.5		16.2		17.3		16.4				9.8		11.7		11.4		10.6		10.0

		Women				2.65		2.87		3.03		3.11		3.22				12.25		12.01		11.79		11.85		11.93				0.93		0.91		0.88		0.86		0.89				0.57		0.56		0.58		0.56		0.58				73				1.50		1.47		1.46		1.42		1.46				31.1		22.1		16.7		17.5		16.8				26		23		23		23		23				45.4		30.8		22.4		26.1		22.1				3.7		3.5		3.3		3.3		2.9				17.1		14.6		12.1		13.4		11.5				8.3		7.3		8.1		8.0		9.4				25.4		21.9		20.2		21.4		20.9				7.2		7.2		6.1		6.6		5.3

																																										Gain Y (VO2/WR)												Gain O												TTest Gain

																																										11.1		12.1		11.9		11.6		12.0				10.1		11.2		10.4		9.9		10.4				0.1211552055		0.7287390659		0.9357832081		0.8678624655		0.7092582718

																																										10.3		10.9		10.2		10.5		10.8				10.4		8.8		8.7		10.9		11.1

																																										11.8		11.1		10.7		11.1		11.4				9.0		10.8		10.7		11.7		11.7

																																										12.4		12.8		11.9		13.2		14.8				11.5		13.1		11.0		10.6		11.9

																																										12.0		11.2		12.0		11.4		11.2				11.7		12.1		12.0		11.4		12.2

																																										11.7		11.0		11.2		12.1		11.4				10.9		11.5		10.3		11.8		10.9

																																										12.6		11.7		11.7		11.5		11.8				12.1		12.0		13.7		12.7		12.7

																																										10.9		10.7		10.3		10.6		10.5				11.2		10.4		12.7		13.7		15.2

																																										10.1		9.9		9.7		10.0		10.5				12.3		8.5		12.3		10.4		10.7				0.1278041884		0.0197098579		0.1192106844		0.5018172188		0.8832427653

																																										10.6		9.4		12.0		9.8		11.4				10.4		8.9		9.2		9.7		11.1

																																										11.0		11.4		11.6		12.0		12.3				8.8		9.7		10.4		10.4		9.8

																																										11.2		12.9		13.3		11.4		10.7				7.7		9.7		7.4		9.2		10.1

																																										10.0		11.3		10.2		10.5		10.9				10.4		9.3		9.6		12.0		13.0

																																										9.7		9.3		10.0		9.2		9.4				5.8		6.4		8.9		8.1		10.4

																																										11.0		9.9		10.4		9.5		10.2

																																										11.1		10.2		10.1		10.5		10.7

																																								Group		11.10		10.98		11.08		10.94		11.25				10.17		10.18		10.52		10.89		11.51

																																								Men		11.61		11.44		11.24		11.51		11.74				10.88		11.25		11.19		11.60		12.01

																																								Women		10.58		10.53		10.92		10.38		10.76				9.22		8.74		9.63		9.96		10.84





Old

						VO2peak (L/min)												CO mod (L/min)												VO2 bsln (L/min)												VO2 amp (L/min)												PO Mods (W)				VO2 ss (L/min)												Tau VO2 (s)												HR amp (bpm)												Tau HR (s)												HHb amp												Tau HHb (s)												Calculated TD HHb (s)												MRT HHb (s)												HHb amp / VO2 amp

						Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post								Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post

		Graham Taylor				2.56		2.58		3.00		3.00		3.14				13.4		12.1		15.4		13.6		14.0				1.14		0.85		0.95		0.96		0.99				0.52		0.57		0.53		0.51		0.53				71				1.66		1.42		1.48		1.47		1.52				35.7		32.9		25.4		25.4		29.2				18		16		18		19		15				49.4		31.6		34.1		29.9		23.3				7.1		16.5		8.2		9.1		9.2				9.1		10.0		5.9		11.9		9.7				8.5		8.5		9.5		8.5		10.5				17.6		18.5		15.4		20.4		20.2				13.8		28.9		15.4		18.0		17.3

		Ian McLean				2.13		2.34		2.23		2.35		2.86				9.5		10.6		9.4		10.0		8.4				1.09		0.96		0.87		1.02		0.94				0.35		0.30		0.30		0.37		0.38				54				1.45		1.27		1.16		1.39		1.32				51.5		34.2		41.0		31.0		33.6				9		7		7		8		9				73.4		34.9		48.9		48.5		52.1				7.4		8.5		8.5		6.2		6.0				3.0		14.9		14.9		15.0		8.4				2.3		12.3		9.0		7.3		7.5				5.3		27.2		23.9		22.2		15.9				20.9		28.2		28.7		16.8		15.9

		Don Hughes				1.90		2.42		2.21		2.30		2.53				12.6		11.1		9.6		10.4		10.7				1.06		0.92		0.77		0.95		0.94				0.35		0.42		0.41		0.45		0.45				59				1.40		1.34		1.18		1.40		1.39				44.7		36.6		37.2		25.9		28.5				13		17		17		18		14				44.6		41.8		41.6		36.3		34.8				13.7		20.7		16.2		18.1		18.2				36.8		17.9		11.8		11.1		17.2				6.8		7.5		10.3		6.0		11.0				43.5		25.4		22.0		17.1		28.2				39.4		49.7		39.3		40.0		40.3

		Robert Mires				1.92		2.14		2.05		2.52		2.59				9.4		10.2		10.6		11.3		10.6				1.01		0.90		0.81		0.85		0.91				0.37		0.42		0.36		0.34		0.38				52				1.38		1.32		1.17		1.19		1.30				42.4		51.4		34.6		33.0		33.4				12		12		12		11		11				58.3		50.4		42.7		35.4		31.6				8.6		10.3		8.3		6.3		6.9				17.0		10.9		13.0		20.8		17.7				3.3		9.0		6.0		8.0		8.3				20.3		19.9		19.0		28.8		26.0				23.1		24.2		23.4		18.5		18.0

		Bill Robins				3.17		3.08		3.63		3.80		3.71				14.2		13.9		14.9		15.2		15.8				0.87		0.88		0.84		0.95		0.90				0.82		0.85		0.84		0.79		0.86				90				1.69		1.72		1.67		1.75		1.76				23.2		22.2		21.9		25.5		21.0				16		16		18		17		16				22.7		17.6		16.8		15.8		18.0				6.2		7.2		10.3		5.1		9.6				5.2		7.6		9.3		9.3		12.4				4.0		5.8		4.0		9.5		9.8				9.2		13.3		13.3		18.8		22.2				7.6		8.5		12.3		6.4		11.2

		Henry Meredith				2.40		2.69		3.24		2.97		3.41				13.0		12.4		12.7		14.4		13.0				0.96		0.87		0.95		0.99		0.92				0.48		0.50		0.45		0.52		0.48				64				1.44		1.37		1.40		1.51		1.40				60.1		37.3		28.1		39.7		32.7				13		12		10		11		11				58.8		27.4		34.3		20.9		23.7				13.9		10.4		10.9		10.3		9.3				14.3		23.3		15.6		10.7		10.3				11.3		9.5		9.3		8.8		9.3				25.6		32.8		24.8		19.4		19.5				28.9		20.7		24.2		19.9		19.4

		Michel Shinnick				2.59		2.88		2.66		2.99		3.09				12.0		11.5		12.3		11.3		11.3				0.88		0.84		0.81		0.75		0.80				0.85		0.84		0.96		0.89		0.89				90				1.73		1.68		1.77		1.64		1.68				37.9		26.5		46.4		35.6		28.6				21		17		18		20		19				37.5		30.8		39.0		28.3		24.6				11.4		15.8		15.3		13.4		13.2				7.5		9.7		7.8		10.7		6.9				8.0		8.7		7.8		8.3		6.8				15.5		18.4		15.6		18.9		13.7				13.5		18.8		15.9		15.0		14.9

		Herbert Davidson				1.62		1.74		2.18		2.23		2.30				9.2		9.0		9.7		10.4		10.8				0.92		0.83		0.84		0.88		0.96				0.45		0.42		0.51		0.55		0.61				60				1.37		1.24		1.35		1.43		1.57				45.2		36.4		34.7		48.1		45.5				12		12		14		12		15				50.2		41.8		44.7		36.0		39.8				2.1		1.2		2.6		3.0		2.3				13.8		27.1		9.2		14.4		11.5				11.0		11.8		6.7		10.3		10.0				24.8		38.8		15.9		24.7		21.5				4.7		2.8		5.0		5.4		3.7

		Penny Taylor				2.08		2.16		2.15		2.23		2.17				10.3		9.5		9.5		10.3		10.0				0.87		0.83		0.82		0.91		0.95				0.34		0.24		0.34		0.29		0.30				48				1.22		1.06		1.16		1.20		1.25				48.3		26.8		37.1		19.7		25.4				18		15		14		12		10				39.2		33.6		24.9		27.9		28.9

		Irma Darcy				1.96		1.92		1.89		2.16		2.21				11.5		10.7		10.6		10.8		9.7				0.98		0.96		0.85		0.86		0.93				0.33		0.29		0.30		0.31		0.36				52				1.31		1.24		1.14		1.17		1.28				75.4		49.1		36.3		48.7		34.4				25		20		18		19		19				86.4		66.0		48.3		39.9		23.3

		Lynda Windsor				1.38		1.47		1.62		1.60		1.67				10.2		9.4		10.1		9.1		8.5				0.79		0.79		0.81		0.76		0.79				0.18		0.19		0.21		0.21		0.20				40				0.96		0.98		1.02		0.97		0.98				63.5		46.4		50.1		37.6		45.5				23		16		13		12		11				87.1		55.9		54.2		39.4		52.4

		Barbara Miller				1.63		1.61		1.75		1.80		1.71				10.4		12.6		10.8		10.9		13.1				0.88		1.01		0.95		0.96		1.01				0.19		0.24		0.18		0.23		0.25				45				1.07		1.25		1.13		1.19		1.26				66.8		37.7		32.8		39.0		36.8				15		14		14		11		12				51.9		53.9		46.4		48.2		58.1

		Florence Beuermann				1.68		1.81		2.02		2.33		2.37				13.5		12.6		12.1		13.1		13.0				1.03		0.90		0.90		1.09		1.06				0.38		0.34		0.35		0.44		0.48				57				1.41		1.24		1.25		1.53		1.53				37.0		27.2		33.8		28.9		33.3				18		18		16		16		14				58.3		66.8		58.6		58.3		51.7

		Olga Davidson				1.62		1.67		1.73		1.97		1.93				8.3		8.0		10.0		9.6		11.3				0.99		0.91		0.96		0.96		0.98				0.12		0.14		0.19		0.17		0.22				41				1.12		1.05		1.15		1.13		1.20				36.4		19.9		18.2		18.2		23.1				6		8		9		8		8				46.4		42.3		47.1		34.8		34.5

		Group				2.05		2.18		2.31		2.45		2.55				11.25		10.96		11.27		11.44		11.45				0.96		0.89		0.87		0.92		0.93				0.41		0.41		0.42		0.43		0.46				59				1.37		1.30		1.29		1.35		1.39				47.7		34.6		34.1		32.6		32.2				15		14		14		14		13				54.6		42.5		41.5		35.7		35.5

		Men				2.29		2.48		2.65		2.77		2.95				11.66		11.34		11.82		12.05		11.83				0.99		0.88		0.85		0.92		0.92				0.52		0.54		0.54		0.55		0.57				68				1.52		1.42		1.40		1.47		1.49				42.6		34.7		33.7		33.0		31.6				14		14		14		15		14				49.4		34.5		37.8		31.4		31.0				8.8		11.3		10.0		8.9		9.3				13.4		15.2		10.9		13.0		11.8				6.9		9.1		7.8		8.3		9.1				20.2		24.3		18.7		21.3		20.9				19.0		22.7		20.5		17.5		17.6

		Women				1.73		1.77		1.86		2.02		2.01				10.69		10.46		10.52		10.62		10.94				0.92		0.90		0.88		0.92		0.95				0.26		0.24		0.26		0.28		0.30				47				1.18		1.14		1.14		1.20		1.25				54.6		34.5		34.7		32.0		33.1				17		15		14		13		12				61.6		53.1		46.6		41.4		41.5

																																										Gain (VO2/WR)

																																										10.1		11.2		10.4		9.9		10.4

																																										10.4		8.8		8.7		10.9		11.1

																																										9.0		10.8		10.7		11.7		11.7

																																										11.5		13.1		11.0		10.6		11.9

																																										11.7		12.1		12.0		11.4		12.2

																																										10.9		11.5		10.3		11.8		10.9

																																										12.1		12.0		13.7		12.7		12.7

																																										11.2		10.4		12.7		13.7		15.2

																																										12.3		8.5		12.3		10.4		10.7

																																										10.4		8.9		9.2		9.7		11.1

																																										8.8		9.7		10.4		10.4		9.8

																																										7.7		9.7		7.4		9.2		10.1

																																										10.4		9.3		9.6		12.0		13.0

																																										5.8		6.4		8.9		8.1		10.4

																																								Group		10.2		10.2		10.5		10.9		11.5

																																								Men		10.9		11.3		11.2		11.6		12.0

																																								Women		9.2		8.7		9.6		10.0		10.8





Young-Old Women

						VO2peak (L/min)												CO mod (L/min)												VO2 bsln (L/min)												VO2 amp (L/min)												PO Mods (W)				VO2 ss (L/min)												Tau VO2 (s)																HR amp (bpm)												Tau HR (s)												HHb amp												Tau HHb (s)												Calculated TD HHb (s)												MRT HHb (s)												HHb amp / VO2 amp

						Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post								Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post		% Change						Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post				Pre		W3		W6		W9		Post				∆TauHR Pre-W3		∆TauVO2 Pre-W3

		Jill Beuermann				2.46		2.61		3.05		3.09		3.16				10.9		10.6		10.2		9.5		10.1				0.82		0.88		0.88		0.84		0.89				0.54		0.54		0.53		0.54		0.57				74				1.37		1.42		1.41		1.38		1.46				27.5		28.5		10.1		18.2		15.1		3.7						26		24		22		21		24				43.7		39.3		19.0		17.9		22.3				5.5		4.6		4.7		3.5		5.2				12.7		12.8		11.8		14.6		7.6				6.8		8.0		8.3		9.0		9.8				19.4		20.8		20.1		23.6		17.4				10.2		8.5		9.0		6.5		9.2				4.4		-1.0

		Wageesha Wickramaratna				2.14		2.39		2.43		2.49		2.66				12.5		11.9		12.4		10.8		12.6				0.82		0.76		0.84		0.80		0.82				0.49		0.43		0.55		0.45		0.52				66				1.31		1.19		1.40		1.25		1.35				38.6		22.3		20.0		18.8		24.3		-42.3						31		24		24		22		24				69.2		33.3		27.3		25.9		24.3				10.6		10.1		10.0		7.8		7.9				15.5		13.3		13.4		12.9		13.1				5.8		6.5		4.3		8.3		7.8				21.2		19.8		17.6		21.1		20.8				21.7		23.4		18.2		17.2		15.1				35.8		16.3

		Sarah Cleland				2.94		3.23		3.52		3.47		3.74				13.8		13.8		13.7		14.0		14.0				0.92		0.92		0.87		0.84		0.92				0.80		0.83		0.85		0.87		0.90				93				1.72		1.75		1.72		1.72		1.82				20.6		16.1		10.0		11.4		12.9		-21.9						33		29		30		30		31				35.6		16.4		13.9		13.0		16.2				1.1		1.7		1.4		2.0		1.4				18.7		30.0		13.7		25.6		16.7				11.5		7.5		9.8		10.3		10.0				30.2		37.5		23.5		35.8		26.7				1.4		2.1		1.7		2.2		1.5				19.2		4.5

		Joanne Muhtar				2.49		2.75		2.70		2.91		2.97				11.4		11.4		10.8		11.3		11.5				0.93		0.79		0.79		0.77		0.83				0.51		0.59		0.61		0.53		0.49				66				1.44		1.39		1.40		1.30		1.32				43.9		28.2		20.3		25.4		16.9		-35.8						26		25		30		28		26				44.4		48.6		19.8		28.2		20.9				3.2		3.0		1.5		3.8		2.1				17.7		13.3		14.9		19.2		9.2				3.0		6.3		7.0		7.0		10.0				20.7		19.6		21.9		26.2		19.2				6.3		5.0		2.5		7.3		4.4				-4.2		15.7

		Lisa Kavanagh				3.13		3.27		3.62		3.63		3.48				13.1		12.5		12.1		12.3		12.2				1.06		1.08		1.05		0.95		0.96				0.51		0.57		0.52		0.54		0.55				71				1.58		1.66		1.56		1.48		1.51				26.4		19.7		11.4		15.1		13.0		-25.4						20		20		18		18		19				30.0		27.5		16.9		41.8		18.6				1.7		1.3		0.8		0.7		1.0				14.9		8.9		5.5		4.9		4.8				14.7		8.0		10.5		9.3		12.0				29.6		16.9		16.0		14.2		16.8				3.3		2.2		1.5		1.3		1.7				2.5		6.7

		Leigh Gabel				2.59		2.83		2.75		2.94		3.04				10.8		9.8		9.6		10.5		10.4				0.83		0.84		0.78		0.85		0.79				0.46		0.44		0.47		0.43		0.44				67				1.29		1.28		1.25		1.28		1.24				28.6		20.7		17.7		13.5		14.1		-27.5						21		20		22		20		24				32.8		21.0		19.3		21.0		19.7				4.5		4.9		5.1		5.1		2.8				13.7		13.6		10.1		7.9		11.0				7.5		5.5		8.5		7.5		9.0				21.2		19.1		18.6		15.4		20.0				9.9		11.1		10.7		11.7		6.3				11.7		7.9

		Tina Siemens				2.44		2.62		2.84		2.92		3.06				10.6		10.8		10.8		11.4		11.3				0.92		0.88		0.76		0.85		0.83				0.55		0.50		0.52		0.48		0.51				70				1.47		1.38		1.28		1.33		1.34				24.4		21.3		22.5		15.5		16.6		-12.7						24		21		22		23		23				53.9		39.4		34.5		32.5		25.2				1.5		1.3		1.8		1.6		1.0				21.4		14.8		11.9		9.0		14.1				8.0		9.5		8.5		4.7		7.8				29.4		24.3		20.4		13.7		21.9				2.8		2.6		3.5		3.5		1.9				14.5		3.1

		Theresa Van Straaten				3.01		3.23		3.29		3.44		3.67				14.9		15.4		14.7		15.1		13.4				1.13		1.10		1.10		1.02		1.04				0.67		0.61		0.61		0.63		0.64				80				1.80		1.72		1.71		1.65		1.68				38.8		19.6		21.7		21.9		21.3		-49.5						29		18		20		19		18				54.0		20.9		28.3		28.6		29.9				1.2		1.6		1.2		1.6		1.4				22.0		10.3		15.2		13.4		15.3				9.5		7.3		8.0		7.8		8.7				31.5		17.6		23.2		21.2		24.0				1.7		2.6		2.0		2.6		2.1				33.1		19.2

		Penny Taylor				2.08		2.16		2.15		2.23		2.17				10.3		9.5		9.5		10.3		10.0				0.87		0.83		0.82		0.91		0.95				0.34		0.24		0.34		0.29		0.30				48				1.22		1.06		1.16		1.20		1.25				48.3		26.8		37.1		19.7		25.4		-44.4						18		15		14		12		10				39.2		33.6		24.9		27.9		28.9																																																																5.6		21.4

		Irma Darcy				1.96		1.92		1.89		2.16		2.21				11.5		10.7		10.6		10.8		9.7				0.98		0.96		0.85		0.86		0.93				0.33		0.29		0.30		0.31		0.36				52				1.31		1.24		1.14		1.17		1.28				75.4		49.1		36.3		48.7		34.4		-34.9						25		20		18		19		19				86.4		66.0		48.3		39.9		23.3																																																																20.4		26.3

		Lynda Windsor				1.38		1.47		1.62		1.60		1.67				10.2		9.4		10.1		9.1		8.5				0.79		0.79		0.81		0.76		0.79				0.18		0.19		0.21		0.21		0.20				40				0.96		0.98		1.02		0.97		0.98				63.5		46.4		50.1		37.6		45.5		-27.0						23		16		13		12		11				87.1		55.9		54.2		39.4		52.4																																																																31.2		17.1

		Barbara Miller				1.63		1.61		1.75		1.80		1.71				10.4		12.6		10.8		10.9		13.1				0.88		1.01		0.95		0.96		1.01				0.19		0.24		0.18		0.23		0.25				45				1.07		1.25		1.13		1.19		1.26				66.8		37.7		32.8		39.0		36.8		-43.6						15		14		14		11		12				51.9		53.9		46.4		48.2		58.1																																																																-2.0		29.1

		Florence Beuermann				1.68		1.81		2.02		2.33		2.37				13.5		12.6		12.1		13.1		13.0				1.03		0.90		0.90		1.09		1.06				0.38		0.34		0.35		0.44		0.48				57				1.41		1.24		1.25		1.53		1.53				37.0		27.2		33.8		28.9		33.3		-26.5						18		18		16		16		14				58.3		66.8		58.6		58.3		51.7																																																																-8.5		9.8

		Olga Davidson				1.62		1.67		1.73		1.97		1.93				8.3		8.0		10.0		9.6		11.3				0.99		0.91		0.96		0.96		0.98				0.12		0.14		0.19		0.17		0.22				41				1.12		1.05		1.15		1.13		1.20				36.4		19.9		18.2		18.2		23.1		-45.2						6		8		9		8		8				46.4		42.3		47.1		34.8		34.5																																																																4.1		16.4

																												Young Women		0.93		0.91		0.88		0.86		0.89		Young Women		0.57		0.56		0.58		0.56		0.58				73														Young Women		31.1		22.1		16.7		17.5		16.8		-26.4				Young Women		26		23		23		23		23		Young Women		45		31		22		26		22		Young Women		4		4		3		3		3		Young Women		17		15		12		13		11		Young Women		8		7		8		8		9		Young Women		25		22		20		21		21		Young Women		7		7		6		7		5

																														0.12		0.13		0.13		0.08		0.08				0.11		0.13		0.12		0.14		0.14				9																8.2		4.3		5.3		4.6		4.1		16.9						4		3		5		4		4				13		11		7		9		4				3		3		3		2		2				3		7		3		7		4				4		1		2		2		1				5		7		3		7		3				7		7		6		6		5

																																																																																																																																																																										r Young Men		0.46

																												Old Women		0.92		0.90		0.88		0.92		0.95		Old Women		0.26		0.24		0.26		0.28		0.30				47														Old Women		54.6		34.5		34.7		32.0		33.1		-36.9				Old Women		17		15		14		13		12		Old Women		62		53		47		41		41		Old Women		0		0		0		0		0		Old Women		0		0		0		0		0		Old Women		0		0		0		0		0		Old Women		0		0		0		0		0		Old Women		0		0		0		0		0				r Old Men		0.19

																														0.09		0.08		0.06		0.11		0.09				0.11		0.07		0.08		0.10		0.10				6																16.4		11.7		10.2		11.9		8.1		8.7						6		4		3		4		4				21		13		12		11		14				0		0		0		0		0				0		0		0		0		0				0		0		0		0		0				0		0		0		0		0				0		0		0		0		0				r Group		0.12

																																										Gain																												W3 O Pre Y		W6 O Pre Y		W9 O Pre Y		Post O Pre Y										HR/VO2																																																								HHb VS VO2		Young		0.11921		0.96990		0.12384		0.22015		0.04494

																																										10.1		9.9		9.7		10.0		10.5																		p value		0.5309103871		0.4780996665		0.8669122379		0.6646564792				0.1922128797						49		45		41		39		42																																																		Old		0.00000		0.00000		0.00000		0.00000		0.00000

																																										10.6		9.4		12.0		9.8		11.4																																				64		55		44		49		45																																																		Group		0.01912		0.19210		0.33266		0.60773		0.44893

																																										11.0		11.4		11.6		12.0		12.3																																				41		35		36		34		35

																																										11.2		12.9		13.3		11.4		10.7																																				51		42		49		54		52																																																HR VS VO2		Young		0.02036		0.05808		0.08943		0.02964		0.02261

																																										10.0		11.3		10.2		10.5		10.9																																				40		34		35		34		34																																																		Old		0.52981		0.02756		0.08970		0.18014		0.24050

																																										9.7		9.3		10.0		9.2		9.4																																				46		47		46		45		54																																																		Group		0.10169		0.01809		0.11939		0.05180		0.15621

																																										11.0		9.9		10.4		9.5		10.2																																				43		43		42		49		44

																																										11.1		10.2		10.1		10.5		10.7																																				44		29		32		30		28

																																																																																																																																																		27.5		28.5		10.1		18.2		15.1

																																										12.3		8.5		12.3		10.4		10.7																																				54		65		40		43		34																																																				38.6		22.3		20.0		18.8		24.3

																																										10.4		8.9		9.2		9.7		11.1																																				74		69		62		62		52																																																				20.6		16.1		10.0		11.4		12.9

																																										8.8		9.7		10.4		10.4		9.8																																				131		82		62		55		56																																																				43.9		28.2		20.3		25.4		16.9

																																										7.7		9.7		7.4		9.2		10.1																																				76		57		74		47		48																																																				26.4		19.7		11.4		15.1		13.0

																																										10.4		9.3		9.6		12.0		13.0																																				47		52		46		37		29																																																				28.6		20.7		17.7		13.5		14.1

																																										5.8		6.4		8.9		8.1		10.4																																				52		59		46		45		34																																																				24.4		21.3		22.5		15.5		16.6

																																																																																																																																																		38.8		19.6		21.7		21.9		21.3

																																																																																																																																																		19.4		20.8		20.1		23.6		17.4

																																								Young Women		10.6		10.5		10.9		10.4		10.8																																		Young Women		47		41		41		42		42																																																				21.2		19.8		17.6		21.1		20.8

																																										0.6		1.2		1.2		0.9		0.8																																				8		8		6		9		9																																																				30.2		37.5		23.5		35.8		26.7

																																																																																																																																																		20.7		19.6		21.9		26.2		19.2

																																								Old Women		9.2		8.7		9.6		10.0		10.8																																		Old Women		76		65		57		49		44																																																				29.6		16.9		16.0		14.2		16.8

																																										2.3		1.2		1.7		1.3		1.1																																				33		12		14		10		11																																																				21.2		19.1		18.6		15.4		20.0

																																																																																																																																																		29.4		24.3		20.4		13.7		21.9

																																																																																																																																																		31.5		17.6		23.2		21.2		24.0

																																																																																																																																																		0.1192058618		0.9699024432		0.1238432573		0.2201476875		0.0449401806
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Experimental model: Integrating the VO2 and [HHb] signals
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Rate of adjustment for VO2 and [HHb] in response to endurance training
Young Males Older Males

Post-training

Week 9

Week 6

Pre-training

Week 3

○ [HHb] ∆ VO2p

τVO2p 34 s
[HHb]/VO2 ratio 1.15 

τVO2p 22 s
[HHb]/VO2 ratio 1.04 

τVO2p 19 s
[HHb]/VO2 ratio 1.03 

τVO2p 20 s
[HHb]/VO2 ratio 1.01 

τVO2p 19 s
[HHb]/VO2 ratio 1.01 

τVO2p 43 s
[HHb]/VO2 ratio 1.25 

τVO2p 35 s
[HHb]/VO2 ratio 1.15 

τVO2p 34 s
[HHb]/VO2 ratio 1.15 

τVO2p 33 s
[HHb]/VO2 ratio 1.16 

τVO2p 32 s
[HHb]/VO2 ratio 1.14 
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Murias et al., J Appl Physiol 2010



Effects of aging and training status

Grey et al., Med Sci Sports Exerc 2015



Grey et al., Med Sci Sports Exerc 2015

Effects of aging and training status



George et al., Front Physiol, 2018

Effects of aging and training status



How quickly can we observe the benefits of 
exercise training on the VO2 kinetics response?



Effects of short-term endurance training and detraining on 
VO2 kinetics and vascular responsiveness



Effects of short-term endurance training and detraining on VO2
kinetics and vascular responsiveness

Older Young

τV
O

2p
(s

)

[HHb]/VO2 ratio       and % FMD

McLay et al., Am J Physiol 2017



Effects of a single session sprint training on VO2 kinetics 
and vascular responsiveness

Iannetta et al., Exp Gerontol, 2022



Effects of a single session sprint training on VO2 kinetics 
and vascular responsiveness

1 Wingate 3 Wingate 5 Wingate

Iannetta et al., Exp Gerontol, 2022



Some general conclusions

• Exercise training results in positive cardiovascular adaptations 
in the elderly that are proportional to those of young adults.

• Chronic exercise training results in adaptations that virtually 
abolish some of the “detrimental” effects of aging.

• Older adults positively respond to even very short training 
interventions.



Endurance exercise training improves the overall 
function of the cardiovascular system

Can everyone benefit from endurance training?
What intensity of exercise is needed to improve?



Responders and non-responders to aerobic exercise
Participants: 481 individuals from 98 two-generation families of Caucasian descent (236 men, 245 
women)

Training: HR associated with 55% of their initial VO2max for 30 min/day and gradually progressed to the 
HR associated with 75% of their initial VO2max for 50 min/day at the end of 14 wk.

“What is the main cause of the heterogeneity in the response to training? We believe that it has to do 
with as yet undetermined genetic characteristics.”

Bouchard et al., J Appl Physiol 87(3): 1003–8, 1999



Severe: [La] and VO2 are unstable and project 
to maximal values (ABOVE CP/MLSS)

Heavy: increased but stable [La] and VO2. 
Development of VO2SC (ABOVE GET BUT 
BELOW CP/MLSS)

Moderate: no increase in [La] and stable VO2
(BELOW GET)

Poole and Jones, Comp Physiol, 2(2): 933-96, 2012 (Adapted)

How do we prescribe exercise intensity? The domains model

/ MLSS



Exercise intensity domains: Can we get it right?

%V̇O2R or %HRR %V̇O2max %HRmax

Very Light < 20 < 25 < 35
MODERATELight 20-39 25-44 35-54

Moderate 40-59 45-59 55-69
Vigorous / Heavy 60-84 60-84 70-89 HEAVY

Very Heavy ≥ 85 ≥ 85 ≥ 90
SEVERE

Maximal 100 100 100

CSEP classification of aerobic exercise relative intensity based on 𝑽̇𝑽O2max test 

Modified from CSEP guidelines 



Exercise intensity domains: Can we get it right?

The most commonly used 
percent values for exercise 

prescription are likely to 
fall within at least two

different domains.

%V̇O2R or %HRR %V̇O2max %HRmax

Heavy 60-84 60-84 70-89 HEAVY

Iannetta et al., Med Sci Sports Exerc, 52(2):466-473, 2020 

Females Males



Why should we care about the domain within 
which we are exercising? 



For the standardized group, exercise intensity was 
based on percentages of HRR (from 40% progressing 
to 65% HRR).

The individualized group had an intensity that was 
established based on VT1 and VT2:

• Target HR < VT1 = HR range of 10 bpm below VT1 to 
the HR at VT1

• Target HR > VT1 to < VT2 = HR range of 15 bpm 
directly between VT1 and VT2

• Target HR > VT2 = HR range of 10 bpm above VT2

Weatherwax et al., Med Sci Sports Exerc 51(4): 681–91, 2019

Adaptations to training: is the intensity domain relevant?



Mattioni Maturana et al. (under review; J Physiol)

Adaptations to training: is the intensity domain relevant?



Adaptations to training: is the intensity domain relevant?
(MEGA Study)

Cardiac output and stroke volume

Blood volume / Hb mass

Muscle oxygenation status

a-vO2diff

Tissue reperfusion / FMD

Oxidative capacity

Ch
an

ge
s i

n
VO

2m
ax

(m
L·

kg
-1

·m
in

-1
) MOD HVY 1 HVY 2

HIIT SIT



Future studies



MEGA in Older adults
 Is “moderate” intensity exercise good for older adults?
 Can we establish the mechanisms underlying sex-related differences? 

Endurance exercise training in the “oldest” older participants
 Can we successfully intervene in octogenarians?

Endurance exercise training prescription
 Can we make it simpler?
 Can we balance CV benefits with other potential benefits?

Endurance exercise training and aging
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